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Abstract 
Magnetic Fe3O4 and polyaniline nano-composite (MPN) was prepared and used for reduction of highly toxic Cr( ) 
to low toxic Cr( ) ion. The effects of various parameters such as synthesis proportion, solution pH and initial Cr( ) 
concentration on the efficiency of reduction process were investigated. Results showed that a high concentration of 
Cr( ) solutions(10mg/L, 50ml) can be efficiently ( 99%) reduced by MPN(0.01g). Decreasing of solution pH 
increased the performance of reduction process. 
© 2013 The Authors. Published by Elsevier B.V.  
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1. Introduction 
Chromium and its compounds are prevalent and in the toxic pollutant effluents generated from many 
industrial process like plating, leather tanning, cement, shell and dye [1]. Hexavalent chromium is on the 
list of priority pollutants defined by the US EPA for its hazardous risks for human health. 
A wide range of treatment methods for the detoxification of metal ions from aqueous solutions have 
been reported, such as precipitation [2], ultrafiltration [3], adsorption [4] and redox reaction [5]. Redox 
reaction is easy to operate, especially when the reducing agent/adsorbent is magnetic, complete removal 
may be achieved with less energy consumption.  
Polyaniline has become one of the most attractive research topics since the last decades. As with the 
other polymer, they have properties such as mechanical strength, ease of processing and stability. 
Rajeshwar and co-workers reported the use of conducting polymers for the reduction of toxic Cr(VI) to 
less toxic Cr(III) first time [6]. To facilitate easy magnetic separation of reducing agent/adsorbent, Fe3O4
is often used [7-9] for its strong magnetism, super-para-magnetism and small coercive force [10]. If 
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highly reductive polyaniline is combined with strongly magnetic Fe3O4, the new reductive MPN should 
possess good reduction property and magnetism.  
Thus, in this paper, MPN samples were prepared and characterized. The effects of Fe3O4 to aniline 
ratios on MPN particle size and properties were studied and optimized. A nano-featured, small size 15-
30nm and uniform, highly porous and positively charged MPN is obtained. It possesses high 
detoxification property for Cr(9,). The reduction mechanism and effect factor of Cr(VI) on MPN were 
studied.  
2. Experimental section 
2.1. Chemical syntheis 
Fe3O4@PANI was fabricated through two steps.  PANI was synthesized by oxidizing  aniline 
monomer. In this procedure, 2mL of aniline was dissolved in 100mL of 0.1M HCl and mixed. Then 
100mL of 0.5g/L ammonium persulfate was added drop by drop into the solution and stirred for 12 h. The 
polymer was separated from solution by filter papers, washed with distilled water and ethanol to remove 
impurities. The resulted polymer was left to dry and grinded to form a powder (120-mesh powder).  
One-pot coprecipitation of iron ( ) and (III) salt, in the presence of PANI, resulted in the formation of  
the magnetite-PANI-particles (Fe3O4@PANI). The product was separated from solution by magnetic 
force. Then it  was washed by using water and ethanol until colorless. Next the obtained material was 
dried under vacuum at 60  and grinded to powder (120-mesh powder).   
2.2. Chromium detoxification 
A Cr(VI) stock solution of 1000mg L-1 was prepared by dissolving K2Cr2O7 in deionoized water and 
finally diluted to obtain standard solution. The  Cr(VI) reduced by Fe3O4@PANI at various conditions 
(component, pH value, dosage, initial concentration and reaction time) was measured by the batch 
equilibration technique. Batch experiments were carried out in a series of 150ml flasks containing the 
desired quantities of  Fe3O4@PANI composite and 50ml of hexavalent chromium solution at the desired 
concentration and initial pH (adjusted with 0.1M NaOH or 0.1M H2SO4). The flasks were capped and 
agitated at 150 rpm in a constant temperature bath. 
For confirming optimal ratio of PANI to Fe3O4, six different kinds of material were prepared. The 
proportion of  component was listed in Table 1. 50ml of 10mg/l Cr(VI) solution at pH 2 were introduced 
into a series of 150ml flasks containing 0.03 g of reducing agent. Then the flasks were agitated at 35
1  at 150 rpm for 3h.   
Table 1. Removal rate of Cr(VI) at various proportion of Fe3O4@PANI. 
Sample PANI (g) FeSO4 7H2O (mol) FeCl3 6H2O (mol) 
Removal rate of 
Cr(VI) 
(%) 
1 0 1 2 68.2 
2 1 0.02 0.04 92.9 
3 1 0.01 0.02 86.7 
4 1 0.0067 0.013 100 
5 1 0.005 0.01 99.7 
6 1 0 0 100 
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Effect of pH on the reduction of Cr(VI) was studied by varying the pH from 1.0 to 7.0 with an initial 
Cr(VI) concentration of 10mg/L. Certain weight of reducing agent (5 to 40 mg) were added to 50ml of 10 
mg/L Cr(VI) at pH 2 and 35 to investigate the effect of the dosage.  
Kinetic studies were carried out at constant pH 2.0 with an initial concentration of 10mg/L and MPN 
concentration of 0.2g/L at 35 .After shaking, the solution samples were withdrawn at suitable time 
intervals. For the initial concentration studies, 0.01g of MPN was put into 50 ml solutions of various 
Cr(VI) concentrations from 10 to 150mg/L. The flasks were shaken to reach equilibrium. 
2.3. Analytical procedure 
After shaking for a certain time, the reducing agent was separated from the solution under the action of 
the magnet. The concentrations of Cr(VI) in the supernatant were analyzed using a spectrophotometer 
(Model 722) and 1,5-diphenyl carbazide in acid medium. 
The efficiency of reduction reaction was calculated according to the following equations:     
0
t0
C
CCR 100                                                          (1) 
where Co and Ct (mg/L) are the Cr(VI) concentrations (mg/L) initially and at a given time t respectively. 
3. Results and discussion 
3.1. Optimum composite ratio 
The reduction of Cr(VI) by the six types of  reducing agents at pH 2 at an initial concentration of 10 
mg/L and a temperature of 35  are listed in Table 1. The removal rate of Cr(VI) for Fe3O4 and PANI are 
68.2% and 100% respectively. Increasing the amounts of the PANI resulted in an increase in the removal 
percentage of Cr(VI). The variation in the reduction capacity between the various reducing agents could be 
related to the mechanism of reactions. For Fe3O4, the divalent iron exist either on surfaces of magnetite or 
partially reduced hematite converts Cr(VI) to Cr(III) [12].  
3.2. The effect of pH 
The results of Cr(VI) removal with various pH value from 1 to 10 are shown in Fig. 1. It can be seen 
that the reduction efficiency of Cr(VI) increases by increasing the acidity of the solution and the maximal 
removal was at pH2-3.  
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Fig. 1. Reduction efficiency of Cr(VI) in solutions, 10mg/L of Cr(VI) after 3h of exposure to 0.03g Fe3O4@PANI powder, against 
different pH. 
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3.3. The effect of the dosage 
It is obvious that the amount of PANI added to the Cr(VI) solution, is effective on the total 
performance of Cr(VI) reduction. To obtain the optimum amount of Fe3O4@PANI needed to effectively 
reduce Cr(VI), various amounts(0.005 to 0.04g) of Fe3O4@PANI powder were added to a 50ml of Cr(VI) 
solution with a initial concentration of 10mg/L, and the total reduction efficiency against the added 
amount of reducing agent was evaluated after 3h of exposure (Fig. 2.). It was found that the application of 
0.01g Fe3O4@PANI is enough for reduction of Cr(VI) with an efficiency of higher than 99.9%. 
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Fig. 2. Total reduction efficiency of Cr(VI) in a10mg/L Cr(VI) solution (pH=2.09) by the application of various amounts of 
Fe3O4@PANI, after 3h of exposure. 
3.4. Theinfluence  of  time 
Fig. 3 shows the changes in the concentration of Cr(VI) with the initial concentration of 10mg/L 
during exposure to 0.01g of Fe3O4@PANI powder. The reaction was completed at 3.5h. 
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Fig. 3. Changes in the concentration of Cr(VI) solution (pH=2), with 10mg/L initial concentration, during the exposure to 0.01g 
Fe3O4@PANI powder. 
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3.5. The effect of initial concentration of Cr(VI) 
The concentration of Cr(VI) in solution determines not only the toxicity of the solution but also the 
oxidizing power of the solution. Fig. 4 shows the reduction efficiency of Cr(VI) in solution, with different 
initial concentrations, using the same amount (0.01g) of Fe3O4@PANI after the same reductive exposure 
time (3.5h). Results showed that the reduction efficiency decreases by increasing of the Cr(VI) 
concentration. Fe3O4@PANI powder can be used to reduce Cr(VI) solutions in the concentration below 
10mg/L with reduction efficiencies  higher than 99%. 
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Fig. 4. Reduction efficiency of Cr(VI) solution against the initial concentration of Cr(VI) in solution (pH=2), after 3.5h of exposure 
to 0.01g Fe3O4@PANI powder. 
4. Conclusion 
Fe3O4@PANI powder Composite can be used to reduce and remove very toxic Cr(VI) in aqueous 
solutions, to less toxic Cr(III). The superparamagnetic Fe3O4 contributes to the rapid separation of the 
reducing agent from solution. The PANI component not only reduces Cr(VI) but also protects the Fe3O4 
core from being oxidized/dissolved in acidic solution. High concentrations of Cr(VI) may cause the over-
oxidation of PANI. Increasing the acidity of Cr(VI) solutions increased the efficiency of 
reduction/removal. 
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